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(57) [Abstract] 

[Problems to be Solved by the Invention] 

It is efficient at same time with high precision laser machining 
is possible,furthermore in fabrication site periphery deposit of 
black slag for most partdoes not cause it offers even with 
lighting of low energy, polyimide resin and solution 
composition which for laser machining. 

[Means to Solve the Problems] 

As for polyimide resin for laser machining of this invention, 
General Formula { 1 } 

[Chemical Formula 1] 



It is acquired bicyclo [2.2 . 2] 

octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which isdisplayed with (In 
Formula, R displays alkyl group of hydrogen atom or carbon 
number 1-4. ) [component (aj )], or, this said component (aj ) 
with other tetracarboxylic acid dianhydride [component 
(a 2 )]with acid dianhydride component which consists of 
blend (A ) with, diamine component (B ) withby 
water-eliminating condensation reaction to make feature, 
polyimide resin solution composition for laser machining of 
the also, this invention includes this polyimide resin and 
solvent as essential ingredient it makesfeature. 
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Claims 
[ff*Bl] 

0 




p (1) 



[C!aim(s)] 
[Claim 1] 

General Formula { 1 } 
[Chemical Formula 1] 



(xe<KR it^mm^itmm^. i~4 nyji* 

M>££S-f)-eS£;h£tfi/*n[2.2.2];J-*h-7- 

C7>7;U*;UE&^g{*:[j£#(a 1 )]* SUM*. ^ 
^^^•(aOt-e^fibOTh^^^TH^K-ilTk 
^[fiK«-(a 2 )]<!:CD;1^ti^P>^-5)K-|i7k^fiK 
#(A)i* v75>J$#(B)<!:(Dli&7iai££lSK 



[■*« 2] 

-t©«l©xh5*;i/*>ll-**tt[J*»(a2)] 



3] 

75X *»«jS?7S>Xtf 5?75y7K'J«>P*-9- 
[If*® 4] 

If*® 1 7!>M 3 ©l^JhrtMclESWTK'MSK 

[»** 5] 

A75h\ N,N-vy^7-feh75h\ 



It is acquired bicyclo [2.2 . 2] 

octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which isdisplayed with (In 
Formula, R displays alkyl group of hydrogen atom or carbon 
number 1~4. ) [component (ai )], or, this said component (ai ) 
with other tetracarboxylic acid dianhydride [component 
(a 2 )]with acid dianhydride component which consists of 
blend (A ) with, diamine component (B ) withby 
water-eliminating condensation reaction polyimide resin c for 
laser machining which is made feature 

[Claim 2] 

Other tetracarboxylic acid dianhydride [component (a 2 )], at 
least one kind which is chosen from group whichconsists of 
aliphatic tetracarboxylic acid dianhydride* alicyclic 
tetracarboxylic acid dianhydride and aromatic tetracarboxylic 
acid dianhydride or polyimide resin„ for laser machining 
whichis stated in Claim 1 which is two kinds or more 

[Claim 3] 

diamine component (B ), at least one kind which is chosen 
from group which consistsof aliphatic diamine* alicyclic 
diamine, aromatic diamine and diamino polysiloxane or 
polyimide resin Q for laser machining which is statedin Claim 
1 or 2 which is two kinds or more 

[Claim 4] 

polyimide resin solution composition,, for laser machining 
which includes polyimide resin and solvent whichare stated in 
any of Claim 1 to 3 as essential ingredient 

[Claim 5] 

solvent, N- methyl pyrrolidone* N, N- dimethylformamide.. 
N, N- dimethylacetamide* dimethyl sulfoxide* ;ga 
-valerolactone or the;ga at least one kind which is chosenfrom 
group which consists of -butyrolactone or polyimide resin 
solution composition,, for laser machining which is stated in 



Page 4 Paterra Instant MT Machine Translation 



JP2001213962A 



2001-8-7 



Specification 
[0001] 

b— tf-tnxmizmuzWMsFm 
mkbl<i*. *mwit. ^nu— ^-Tticcfe 

[0002] 

b'<;na±a>x*;i/^-T?JH»'#-*t, HJtttt 
# # # . m ifc "t 6 APD(Ablative 
Photodecomposition)£l^9i§?IAtfcC'5>o 

xi*. mt*»a>jiHiciftnttflifli^^«:<. 
jnxmttiitiTi^fcto. ifi##«»»^ 

[0003] 

«ffl-e*«b-1f-JPXffl*U-f5K«HB«l« 
*A<a***tri^(f*»a«» 2919106 



[0004] 



*)36<jnx»ttHiaic#«-r*faHA<fcofco 



Claim 4 which is two kinds or more 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards polyimide resin and its solution 
composition which are suited for onefor laser machining. 

Furthermore it regards polyimide resin and its solution 
composition where black slag whereas for details, as for this 
invention, energy efficiency is high with ultraviolet laser light 
in microfabrication, occurs due to disassembly quite is little. 

[0002] 

[Prior Art] 

When ultraviolet laser light which is represented in excimer 
laser, is irradiated with energy of level or greater which 
confronts material which has absorptionin wavelength region, 
irradiated part disassembles, AP D which scatter isdone 
(Ablative Photodecomposition ) with process which is said 
happens. 

Because as for this AP Dprocess with fast reaction, as for 
processing whichapplies this, thermal damage is little in 
periphery of irradiated part, also the fabrication precision is 
superior, recently application to various resin has 
beenresearched. 

[0003] 

Among those, vis-a-vis polyimide resin, short wavelength 
laser of high energy furthermore,polyimide resin composition 
for laser machining which can use also long wavelength laser 
of low energy isproposed by mixing specific aromatic 
polycyclic compound to polyimide precursor, (Japan Patent 
2919106 number). 

But, as for combining low-molecular weight compound like 
aromatic polycyclic compound in polyimide resin which is a 
polymeric compound it is not a desirable thing from product 
intensity or other property aspect. 

[0004] 

In addition on one hand, in case of commercial polyimide 
resin which has aromatic ring* especially benzene ring 
mainly in polymer structure, when laser machining is done, 
therewas a problem where degradation product (black slag ) 
of black deposits in fabrication site periphery. 

And recently, with electronic part or other application 
microscopic processing was sought more andmore, as for 
deposit phenomena of this black slag, in order fabrication 
precision itdeteriorates not only, to have an influence on 
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[0005] 

^i:?l#e^^^L^^-+) : -^mxffl/t^ 0 U'r=K^ 
Bissau miz*o>mm»i&m&m+&z 

[0006] 
[0007] 




Cl] 



electrical conductivity, cleaning and removal became 
necessary, had become cause of productivity decrease. 

[0005] 

[Problems to be Solved by the Invention] 

Therefore, offers even with lighting of low energy, polyimide 
resin for the laser machining which objective of this invention 
is efficient at same time with high precision laser machining 
is possible, furthermore in fabrication site periphery depositof 
black slag for most part does not cause, furthermore it is 
tooffer solution composition. 

[0006] 

[Means to Solve the Problems] 

As for these inventors, as for result of doing diligent effort in 
order tosolve above-mentioned problem, above-mentioned 
objective is achievedto molecular structure of polyimide resin 
specific alicyclic structure is introduced by , to discover, this 
invention was completed. 

[0007] 

Namely, as for gist of this invention, first, General Formula 
{1} 

[Chemical Formula 2] 



(a* .r \t&mm=Fx.itmm& i~4 ©7;mp 

;u*£$tyc-8£;h&ev?a[2.2.2];l-£b-7- 
l>-2,3,5,6-Th5*^U*>BI-*l*«lXI** 
<D7)l*)l>W&mmft[tfLtt(a i )h SUM*. % 
^J&#(a,)t*(Dtea>xh7*^7K>&X»S7K 

tt[rt#(a2)]fc0SB**fr&**ll:i***J« 

#(A)fc, $?75>*#(B)fc©Bl*l6*JRl6l= 
*K'M5K1irBgl::?¥U m-iz. CKDTK'MSKtt 

m&vmm&mtfLtotLxistiis—f-iDT. 
ffl*'j-r5K«iig*afflj«tti=#f*. 



[0008] 

[*w©8Ste©»»] 
&LTiz*mmmmzmm?&o 



It is acquired bicyclo [2.2 . 2] 

octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which isdisplayed with (In 
Formula, R displays alkyl group of hydrogen atom or carbon 
number 1~4. ) [component (a! )], or, this said component (a| ) 
with other tetracarboxylic acid dianhydride [component 
(a 2 )]with acid dianhydride component which consists of 
blend (A ) with, diamine component (B ) withby 
water-eliminating condensation reaction in polyimide resin 
for laser machining which is made featureexistence to do, it 
exists in this polyimide resin of secondly, and polyimide resin 
solution composition for laser machining which includes 
solvent as essential ingredient. 

[0008] 

[Embodiment of the Invention] 

this invention is explained in detail below. 
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[0009] 

ZO>M-m&y»i$.#(A)tLXlt. S1\ TIB— 
SSStCl)-Cg$^t*V^P[2.2.2]^h-7-X> 

;u*iUK«fcR5H*:^&<E*-»[ja»(8 l )]4«* 




(l) 



[0009] 

As starting material for polyimide resin for laser machining of 
this invention, first acid dianhydride component (A ) isused. 

This acid dianhydride component (A ) as, you can list one 
group [component (a, )] which consists of the bicyclo [2.2 . 2] 
octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which first, is displayed 
withbelow-mentioned General Formula { 1 } . 

[Chemical Formula 3] 



R tt**W^XI*ft*» 1-4 <D7;Mr 

[0010] 



[ft 4] 



(2) 




(In Formula, R displays alkyl group of hydrogen atom or 
carbon number 1~4. ) 

[0010] 

As for compound which is displayed with this General 
Formula { 1 }, 1 and 2 -dihydro phthalic acid where it is 
displayed with maleic anhydride and below-mentioned 
General Formula {2}anhydrous ones or that alkyl substituted 
derivative 

[Chemical Formula 4] 



(5£<kr it^mm^itmmwi. i~4 

[0011] 

TI4, filJ^.lit*V^P[2.2.2]^<7h-7-X> 

-2,3,5,6-xh : 7*;u?H>^-ii7K^, 

I* 1- )\,yM v?P[2.2.2]:f?h-7-X> 

-2,3,5,6-xr-5*;U^>^-il*^. MfJI/ 

(XI* 7-X^;ix)-t*V^P[2.2.2]^-^h-7-X> 

-2,3,5,6-Th7*>U7|5>K-»t7K«!l*A<^lfe> 
z. 



It heats (In Formula, R displays alkyl group of hydrogen atom 
or carbon number 1~4. ), Diels-Alder reaction does it is 
acquired easily by . 

[0011] 

for example bicyclo [2.2 . 2] octo-7-en-2,3,5,6-tetracarboxylic 
acid dianhydride* 1- methyl (Or 7 -methyl ) -bicyclo [2.2 . 2] 
octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride* 1- ethyl 
(Or 7 -ethyl ) -bicyclo you can list the[2.2 . 2] 
octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride etc as 
embodiment of compound which is displayed with 
theabove-mentioned General Formula {1}. 
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[0012] 

c n r* m. £ tt -a t* v ? □ [2.2.2] * 9 h -7- x > 

<&te<Z>&-$$7k^[J&#(a 2 )]£0);I£$|-e&o 
[0013] 

**» ^>^>-i,2 ) 4,5-*;u7K>^-ii*^il 

[0014] 

TK^s *>^P^*-9->-l,2,4,5-^l»5*;U*>il 
-»7K1*ls v^n^+-9--l-X>-2,3,5,6-xh : 7* 
;u#>&-&StM^ 3-x^^v^P^+-9--l-x 
>-3-(l,2), 5,6-xh7*;U/t?>K-if7K%l. l-> 
^;U-3-X^;^>^Q/s4F-9->-3-(l,2), 5,6-xH5 

^*+M-X>-3-(l,2), 5,6-xh7*;U7K>^-^ 
l-X^;Uv^7P^^-y->-l-(l,2), 5,6-xh 
7*JM?>&-«t*!83s l-X^;Ui/<7P^^-9- 
>-l-(l,2), 3,4-x h7*;U7K>&-&t7K1$!K 1,3- 
i>Z?a t? ;U*>£ n ^-9">-l -(2,3), s.e^-T-h^ 

-3,4,3,' ,4' -xh7*;U7tf>$=*t7K$k b£*>?P 
[2.2.1]^^>-2,3,5,6-T-h7*^^>K-^7k 
t*V^P[2.2.2]7|-^>-2,3,5,6-7 L h : 5*^^ 
t*V^P[2.2.2]^-^7H-7-X> 

-So 

[0015] 

lie. MftT-h5*^tf >B-fc*tt£LT 

i*. {MAiiep^j^nfc-***. 3,3' ,4,4' -e 

rt^tf>^- fts*^. 2,2-ex(3,4-v*;U7f?+ 

,1 z 



[0012] 

You can list those which are chosen from group which 
consists of aliphatic tetracarboxylic acid dianhydride. 
alicyclic tetracarboxylic acid dianhydride and aromatic 
tetracarboxylic acid dianhydride other acid dianhydride to 
which also, above-mentioned acid dianhydride component 
(A ), one group which consists of bicyclo [2.2 . 2] 
octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which is displayed with 
theabove-mentioned General Formula {1 } [component (aj )] 
with, other acid dianhydride [component (a 2 )] with is good 
evenwith blend , uses here [component (a 2 )] as. 

[0013] 

As above-mentioned aliphatic tetracarboxylic acid 
dianhydride, you can list for example butane- 1,2,3, 4- 
tetracarboxylic acid dianhydride. pentane- 1 ,2,4,5 -carboxyiic 
acid dianhydride etc. 

[0014] 

As also, above-mentioned alicyclic tetracarboxylic acid 
dianhydride, for example cyclobutane tetracarboxylic acid 
dianhydride. cyclohexane- 1 ,2,4,5-tetracarboxylic acid 
dianhydride. cyclo hexa -1 - en-2,3,5,6~tetracarboxylic acid 
dianhydride. 3- ethyl cyclo hexa -1- en-3~ (1 and 2), 5 and 6 
-tetracarboxylic acid dianhydride. 1 - methyl-3- ethyl 
cyclohexane-3- (1 and 2), 5and 6 -tetracarboxylic acid 
dianhydride* 1- methyl-3- ethyl cyclo hexa -1- en-3- (1 and 
2), 5 and 6 -tetracarboxylic acid dianhydride. 1- ethyl 
cyclohexane -1- (1 and 2), 5 and 6 -tetracarboxylic acid 
dianhydride. 1- ethyl cyclohexane -1- (1 and 2), 3 and 4 
-tetracarboxylic acid dianhydride. 1, 3- dipropyl cyclohexane 
-1- (2 and 3), 3, (2 and 3) -tetracarboxylic acid dianhydride. 
dicyclohexyl-3,4,3,', 4&apos;-tetracarboxylic acid 
dianhydride. bicyclo [2.2 . 1] 

heptane-2,3,5,6-tetracarboxylic acid dianhydride* bicyclo 
[2.2 . 2] octane-2,3,5,6-tetracarboxylic acid dianhydride* 
bicyclo [2.2 . 2] octo-7-en-2,3,5,6-tetracarboxylic acid 
dianhydride etc listing and others <5>. 

[0015] 

Furthermore, as aromatic tetracarboxylic acid dianhydride, for 
example pyromellitic dianhydride* 3, 3&apos;,4, 
4&apos;-biphenyl tetracarboxylic acid dianhydride* 
diphenylether tetracarboxylic acid dianhydride. 
benzophenone tetracarboxylic acid dianhydride. naphthalene 
tetracarboxylic acid dianhydride. 2, 2- bis (3 and 4 -dicarboxy 
phenyl ) propane dianhydride* 1, 4- bis (3 and 4 -dicarboxy 
phenoxy ) benzene dianhydride etc listing andothers £>. 
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b-l>o 
[0016] 

[0017] 

ca>v75>j£tt(B)<t:LTI*. flgASi£vT5>. 
[0018] 

'>^P^-^U>vT5>. 2,5(XI* 6)-tfX 
(75y>T;U)t*v^P[2.2.1]^^>S&t^li-?-fl) 

X. 3?#&v75>£LT(*, 7i-L/>v75 
4,4' -v75yv7i-JH-fik 2,2-tfX 
(4-T5/7xX^)^a/^> s 2,2-tfX[4-(75/7 

xy^>pi-;u]^P/^A<^if6tL-5o 

[0019] 

MIC, vTS^JvP^+^tLTIi. «iUf 
Hb 5] 



r 



HzN- (CH 2 )H]i— d— Sr- (CH 2 ) m — NH 2 (3) 



jrH 



[0016] 

It is possible to use aliphatic tetracarboxylic acid 
dianhydride* alicyclic tetracarboxylic acid dianhydride or 
aromatic tetracarboxylic acid dianhydride which is included 
theabove-mentioned other acid dianhydride [component (a 2 )], 
with alone with use objective it ispossible to use and, as blend 
of 2 kinds or more. 

[0017] 

On one hand, secondly diamine component (B ) is used as 
starting material for polyimide resin for the laser machining 
of this invention. 

This diamine component (B ) as, you can list those which are 
chosen from groupwhich consists of aliphatic diamine* 
alicyclic diamine* aromatic diamine and diamino 
polysiloxane. 

[0018] 

As above-mentioned aliphatic diamine, you can list 
tetramethylene diamine* hexamethylene diamine* 
octamethylene diamine* dodecamethylene diamine, etc 
cyclohexylene diamine* cyclooctylene diamine* 2,5 (Or 
6)-bis you can list (aminomethyl ) bicyclo [2.2 . 1] heptane or 
methyl derivative and ethyl derivative etc as alicyclic 
diamine, you can list phenylenediamine* 4, 4&apos;-diamino 
diphenylether* 2, 2- bis (4 -amino phenyl ) propane* 2, 2- bis 
[4 - (aminophenoxy ) phenyl ] propane etc as the also, 
aromatic diamine. 



[0019] 

Furthermore, as diamino polysiloxane, for example 
below-mentioned General Formula {3} 

[Chemical Formula 5] 



Jn 



(S4 3 * Rj * R2* R3 R4 li^T^USXIS^x^. You can list aliphatic diamino polysiloxane which is 

;US£* 1 JSlJS m I* 1-10 <Z)fi8[£ % n 14 1-20 displayed with (In Formula, as for R, s R 2 . R 3 and methyl 

<7)i£$fe2: -? - ft'? ? ftfl"£")'C3E£ft'5Haflfi]!£ v7 group or phenyl group, as for the 1 and m integer of 1 - 10, as 

S/tK'J *>P^r"9">A^lf btl&o for n integer 1 - 20 is displayedrespectively. ). 

[0020] [0020] 
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[0021] 

*fBWlctelt*b— ■fHtoXffltfU*5K«« 

[l)ti^l)ev^P [2.2.2] ^"<7h-7-X> 

;U*;Uffl&M#t*]<7)9J£llt* 50-100 ^%* 
*?£L<I* 60-100 ^U%T?fey. 
»(A)+©a»«»(a,)©il$A< 50 *JU%cty 



[0022] 

*Wf±< ±EttX j*7ktt*»(A)tS?T5>* 
»(B)fc©Bi*ll*Sl£lCc»:y»&*l*ta)T?fe 
tj* C0^lc^fflf^)SJS:5§«<tLTtt. 7xy 



[0023] 

;u* 2,6-v>^;u^xy— 

tt»«tLrtt,«Atf N-^;utfp'jK>* 
n,n-v^;u*;uA7£K* N,N-vM^;u7-trh 
7£K* v^;ux;utMpvK* r-/*bn^*h 
> x r-7^p^h>* £pp*;uA*Trh^t:K 
p?^* S?**1tt/*A<*lf 6*i£ 0 

ffl"C£* HI-. ^>-tf>> h;i/X>, +vb>s x 



[0024] 

£KJSLT#y75y*»££CS»*\ HIctK 



It is possible to use aliphatic diamines alicyclic diamine * 
aromatic diamine or diamino siloxane which is included in 
theabove-mentioned diamine component (B ), with alone with 
use objective it is possibleto use and, as blend of 2 kinds or 
more. 

[0021] 

In order above-mentioned acid dianhydride component (A ) 
with diamine component (B ), for both almost to become 
equimolar number, you use for production of polyimide resin 
for laser machining in this invention. 

As for ratio of component (aj ) [bicyclo [2.2 . 2] 
octo-7-en-2,3,5,6-tetracarboxylic acid dianhydride or that 
alkyl substituted derivative which is displayed with General 
Formula { 1 }] in also, acid dianhydride component (A ), when 
with 50 - 1 00 mole %* preferably 60-1 00 mole % , ratio of 
this said component (ai ) in acid dianhydride component (A ) 
is smaller than 50 mole %,energy efficiency at time of laser 
machining deteriorates, occurrence of the black slag is 
conspicuous. 

[0022] 

As for polyimide resin for laser machining in also, this 
invention, being something which isacquired 
above-mentioned acid dianhydride component (A ) with 
diamine component (B ) with by the water-eliminating 
condensation reaction , you can list phenol type solvent and 
aprotic polar solvent or other organic solvent as the reaction 
solvent which you use in this case. 

[0023] 

As above-mentioned phenol type solvent, you can list for 
example phenol* 4- methoxy phenoU 2,6-dimethyl phenoL 
m-cresol, etc for example N- methyl pyrrolidone* N, N- 
dimethylformamide* N, N- dimethylacetamide* dimethyl 
sulfoxide* ;ga-valerolactone* you can list the;ga 
-butyrolactone* chloroform* tetrahydrofuran* dioxane etc 
as aprotic polar solvent. 

Furthermore because alone or it mixes and be able to use 
these reaction solvent, furthermore, combined use with 
aromatic hydrocarbon like benzene* toluene* xylene* 
tetralin is aneffect which removes water which is formed case 
of imidization reaction with azeotropic boiling , it is a 
conducive. 

[0024] 

Namely, when producing polyimide resin for laser machining 
in this invention, theabove-mentioned acid dianhydride 
component (A ) with diamine component (B ) condensation 
reaction doing regarding imidization reaction, occasion where 
polyamic acid is caused and, furthermore the polyamic acid 
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£/£-f £#* ZOT^lt. *>-tZ>* h;UX>. * 
vb>* xh^U >5£#3M?1tSz£lz.fcoTJR 

l^5RbS(SSJitTLS<-r«Zt35<Tf#«o 
[0025] 

-**ttJS»(A)ti;75>liE»(B)(D»fitL 

rii* a»si*»©^»^ io /is 6o a»%* 
»sl<i* 20 75M 50 mm%vtw * z<D&mt< 

10 a«%JSlT"ett,fiJE:iSS4<jl<&4t*lc 
#*mifimiDUz«tdy % X* Z(7);lSA<60a 



[0026] 



[0027] 

euv>**/'j>**fv*AJ>. a-tfp'j>* 0 

-tf=iy>* r-e=iU>*2,4-;u^v>* MJx?ju 

75>* HJ?^U75>. HJ'O^UT^* N- 
x;u*>g?* ^Ph>gg^*<3*if bti^o 

[0028] 



#(A)IC&LT 1-50^%* #£L<li 5~35%T* 

y* s(6aste<»STfS*fcib. Ltfutf* 



doing, cyclization when imidization doing, water forms, but 
the benzene^ toluene* xylene* tetralin etc and azeotropic 
boiling it does this water, as it can remove outside reaction 
system with , imidization can be promoted by removing water 
which occurs in thisway. 

Furthermore if drying agent like acetic anhydride is used, 
furthermore it canmake easy to advance imidization reaction. 

[0025] 

Furthermore total of this said both components being 10 to 60 
weight%* preferably 20 to 50 weight% above-mentioned 
acid dianhydride component in reaction system of 
above-mentioned imidization reaction (A ) with as 
concentration of diamine component (B ), this concentration 
with 10 weight % or less, as reaction rate becomes 
slow,molecular weight becomes difficult to increase, this 
concentration of also, with60 weight % or more, viscosity of 
reaction system becomes too high because attendantupon 
polymerization, scattering of monomer being done, inhibition 
result which remainsin reaction system, yield of polyimide 
resin which is acquired decreases, youfear. 

[0026] 

Reaction it can complete with also, above-mentioned 
imidization reaction, rapidlyincluding condensation 
polymerization promoter according to necessary. 

And, as this condensation polymerization promoter, be able to 
use basic condensation polymerization promoter and acidic 
condensation polymerization promoter, it ispossible also to 
jointly use both. 

[0027] 

As above-mentioned basic condensation polymerization 
promoter, for example N, N- dimethyl aniline, N, N- 
diethylaniline* pyridine* quinoline* isoquinoline* ;al 
-picoline* the;be -picoline* the;ga -picoline* 2, 4- lutidine* 
triethylamine* tributyl you can list amine and tri pentyl 
amine* N- methylmorpholine, etc for example benzoic acid* 
o-hydroxybenzoic acid* m-hydroxybenzoic acid* p- 
hydroxybenzoic acid* 2, 4- dihydroxy benzoic acid, p- 
hydroxyphenyl acetic acid, you can list 4 -hydroxyphenyl 
propanoic acid* phosphoric acid* p- phenol sulfonic acid* 
p-toluenesulfonic acid* crotonic acid etc as acidic 
condensation polymerization promoter. 

[0028] 

amount used of above-mentioned condensation 
polymerization promoter vis-a-vis acid dianhydride 
component (A ) because with 1-50 mole %* preferably 
5-35% , reaction temperature can be set low by using these 
condensation polymerization promoter, notonly being able to 
prevent side reaction with heating which is made the cause 
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[0029] 

**Wlcj3lt*b-1f"JnXffl7K , J-f5K»l|g 
«»SiB-e»-«l7k«B«»(A)tS?75>fiE» 

[0030] 

-aa^aiccfcs*^i4. kjcssi* 120-350 

deg C. » £L<I4 150-300 deg C T**y . JKJ&B$ 
IHtt 0.5-20 ftfHL if *L<I* 1-15 B#m"Cfci>o 

J$£0~120 deg C. $?£L<I4 60-1 10 deg C 0S 
JtT\ 0.5-100 ft|H* #£L<I4 1-80 B#|UHH\ 
ttivcf SRbKlfc* 120-350 deg C. »£L< 
14 150-300 deg C <DM&V+ 0.5-20 ftlflL 
L<I4 1-10 lftlBff5o 

[0031] 

ZOcfedlcLT^btifcb— tf-Jraxffl/K'MS 
W©b-1f--*PXffl/K»J<5K*IBJS*ttJi6» 
£lfc*LTBfca>b— •f-*PXffl7K l J^5K» 



[0032] 

Z©cfe3tLT»6*tfc*»W«>b-1f-lDX 
ffl^'J-fSKttHBl*. &tt 0.1-1.5 ©&&&]££ 

[0033] 

14. b-1f-toxJB#ft*LTx*^H»¥ 
»©iBTf«*tfcttll6t*rtifl!>-e*9. #J*i£ 

248nm (7) KrF X**/V— b— if — 
10-20 urn SSa>^Mlt*PXStT5»^.l&5 

J/cm'iCjt^T. *<D«jMKl 1/6 T^bftj 1/2 IC(£ 



which often causes coloration, greatly be able to shorten also 
reaction time, it is a economical. 

[0029] 

Be able to adopt to production of polyimide resin for laser 
machining in the this invention, method of prior public 
knowledge, with relatively high temperature acid dianhydride 
component (A ) with itsynthesizes polyamic acid first with 
one step polymerization method. , or low temperature 
whichpolymerize diamine component (B ) after that with high 
temperature it is good withwhichever of two-stage 
polymerization method which imidization reaction is done. 

[0030] 

With one step polymerization method when, as for reaction 
temperature with 120-350 deg C. preferably 150-300 deg 
C, as for the reaction time they are 0.5-20 hour, preferably 
1-15 hours. 

With also, two-stage polymerization method when, it 
synthesizes polyamic acid with temperature of 0 - 120 deg C. 
preferably 60-1 1 0 deg C, 0.5 - 1 00 hour, preferably 1 -8 0 
hour, continuously with temperature of 120 - 350 deg C\ 
preferably 1 50-300 deg C, 0.5 - 20 hour, preferably 1-10 
hours does imidization reaction. 

[0031] 

polyimide resin solution for laser machining which it acquires 
in this way, it is possiblealso to offer to use, as polyimide 
resin solution composition etc for laser machining of this 
invention which it mentions later with that way state and, 
removing the also, solvent, can also obtain polyimide resin for 
laser machining of solid. 

Furthermore, is possible also fact that polyimide resin which 
wasrefined by or other method which reprecipitate is done 
including poor solvent, isobtained to polyimide solution 
which is acquired. 

[0032] 

polyimide resin for laser machining of this invention which it 
acquires in this way hasusually 0.1-1.5 intrinsic viscosity, in 
while polyimide resin original heat resistance is kept, 
issuperior in solubility to solvent. 

[0033] 

Furthermore, as for polyimide resin for laser machining of 
this invention, beingsomething which shows performance 
which is superior in energy efficiency or other aspectas 
material for laser machining, when it does broaching of 
diameter 10- 20;mu m extent with KrFexcimer laser of for 
example wavelength 248 nm, as for laser energy which 
itneeds value from approximately 1/6 is decreased in 
approximatelyl/2 in comparison with several J/cm 2 of 
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[0034] 



[0035] 

lti** N-y^;nfpgh*>* N,N-$//*JI/*JU 

>* v?p^*-9V>* /?JltX?ju4-h:/. £p 
Pt^UA* T-h?tKP77>, 7- 
y-;u* 2-> Mr*>x$ry-;t,* ?ptf u>7'j=i 
— ^yy^^x— x;u7-b*— h» y^;uyh+ 
?L&x^u* WJ-n,* tf'J 

[0036] 

±Ei§&*:LTI;J:*ftlc*N-yT;ut 0 PUK>* 

N,N-vy^;i/7^;UA75h\N,N-vy^;U7-th 

75K* S?y^ux;U7Mr*>K* r-A'un^h 

[0037] 

2bKttJh«. iy«)y<fm. *im 



[0038] 

** %-?T4ti-<r>$m.m<i>m*mnm<r>x.i> 



conventional resin, Furthermore either formation of black slag 
is not observed for mostpart. 

[0034] 

Furthermore polyimide resin for laser machining of also, this 
invention in order to show thesatisfactory solubility 
above-mentioned sort vis-a-vis various solvent, candesignate 
this as polyimide resin solution composition for laser 
machining of this invention. 

[0035] 

As solvent for above-mentioned polyimide resin solution 
composition, N- methyl pyrrolidone* N, N- 
dimethylformamide* N, N- dimethylacetamide* dimethyl 
sulfoxide v ;ga -valerolactone* the;ga-butyrolactone* 
cyclohexanone* methylethyl ketone* chloroform* 
tetrahydrofuran* dioxane* anisoU 2- methoxy ethanol* 
propylene glycol monomethyl ether acetate, methyl 
methoxy propionate ethyl lactate* cresol* pyridine etc 
can be listed. 

[0036] 

As above-mentioned solvent, especially, N- methyl 
pyrrolidone* N, N- dimethylformamide* N, N- 
dimethylacetamide* dimethyl sulfoxide* ;ga -valerolactone* 
the;ga-butyrolactone, solubility of polyimide resin is 
satisfactory, when using, and, as paint and coating agent from 
fact that volatility is appropriate.^ is desirable. 

[0037] 

In polyimide resin solution composition for above-mentioned 
laser machining, additive which is usedfor dispersant* 
antisettling agent* leveling agent* plasticizer* pigment or 
other paint or coating agent other than above-mentioned 
component whichthis makes necessary, according to 
necessary can be combinedappropriately. 

Method usually of being used as method when paint or the 
coating agent is adjusted. Method of agitating with for 
example disperser. You can use method etc which is dispersed 
with sand mill. 

[0038] 

polyimide resin of also, this invention is useful in element 
material or other electronics field and optoelectronics field for 
the branch of electronic switch* optical fiber of coating 
material* liquid crystal alignment film* color filter — 
protective film* optical response system of IC or other 
electronic material part as molding resin material or solution 
composition. 
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[0040] 



[0041] 

^Xfc$7k$|J$#(A)0.5 ^il/tvT^fiE^ 

(B)o.s =E)i&. mmx*fo&r-?Tu^h> i >j 
200 deg C V 3 WKRIbiit. *'M5K»»£ 

[0042] 

(2)7K'J^5KH©ft» 

>a-$-t**7X«fti:K)-lci*L, 180 

deg c icm»Lr*a*»*L. mmomtsis 



[0043] 

(3) b— tF-*PX 

7K'J^5KlgCDU-if-ilPXI*.KrF I+v7- 
b — -f — BgatgB (LAMBDA PHYSIK 
LEXTRA100)£ffll\ ZtlZ lmmx5mm <7)S§ 

«*©!HW*frl±, 25 deg C<7)£m<K 

400mJ/cm 2 ./^UXS^yigLilJt lpps <tL 

[0044] 

(4) x*;^-Sb*0)W« 

;uxafcyicx^>y*tLfcas*(i/m)-c»fls 

[0045] 
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[0039] 

[Working Example(s)] 

Below, showing Working Example, furthermore you explain 
this invention in detail,but this invention is not something 
which is restricted with these. 

[0040] 

Furthermore experimental method and condition in Working 
Example and Comparative Example below 
arebelow-mentioned sort. 

[0041] 

Synthesis of (1) polyimide resin 

acid dianhydride component (A ) 0.5 mole and diamine 
component (B ) the;ga which is a solvent -butyrolactone 1 
liter after throwing in, agitating 0.5 mole, it melted, 3 hours 
reactedwith temperature 200 deg C, synthesized polyimide 
resin. 

And, solution which is acquired that way or you adjusted 
resin concentration with the;ga -butyrolactone, you used as 
polyimide resin solution composition. 

[0042] 

Production of (2) polyimide film 

With spin coater in glass substrate application it did 
polyimide resin solution composition which isacquired with 
above-mentioned (1) in uniform, heated to 1 80 deg C and 
removed solvent, made polyimide film of predetermined 
thickness (As principle 20;mu m ). 

[0043] 

(3) laser machining 

Irradiated this through rectangular slit of 1 mm X 5 mm laser 
machining of polyimide film making use of KrFexcimer laser 
illuminator (LAMB DAP HYSIK LEXTRA100 ). 

irradiation condition of standard, in air of 25 deg C, made 
pulse intensity 400 mJ/cm 2 % pulse repetition velocity lpps. 

[0044] 

evaluation of (4) energy efficiency 

energy efficiency namely with etching velocity (;mu m/p ), in 
per pulse of sample cross section in the irradiation direction 
evaluation it did with depth (;mu m ) which etching is done. 

[0045] 
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(5)Hfej$(Dl¥ii 



[0046] 

(6)»iB»tt<DaS 

VF-7500)l::J:-3T3H5£Lfc. 
[0047] 

30±0.1 deg C ©USA** # , M5K»IB!&* 
0.5g£N-^UfD'JK> 100ml IzmmLTfflz 

WHLfc. 

ft»ttJ£»?=[ln(t/ts)]/0.5 

t ttTK'j-rsKawBfcasrFfcniK ts i* 

[0048] 

©*'i ©ayea&s. 

[0049] 
[Si] 



evaluation of (5) black slag 

site which laser machining is done photographing was done, 
amount of deposition of the black slag was compared with 
visual. 

[0046] 

Measurement of (6) cross section shape 

surface state (Especially cross section shape ) of site which 
laser machining is done, was measuredwith surface profile 
measurement microscope (key en X supplied VF-7500 ). 

[0047] 

intrinsic viscosity measurement of (7) resin 

30 +/- in constant temperature tank of 0. 1 deg C, melting 
polyimide resin powder 0.5g in N- methyl pyrrolidone 100 
ml, itmeasured solution which it acquires, with Ubbelohde 
viscometer, calculated from next formula. 

intrinsic viscosity;et = [In (t/ts )] / 0.5 

(In Formula, as for t as for drop time* ts of polyimide resin 
solution displays drop time only of N- methyl pyrrolidone. ) 

[0048] 

(8) used compound 

compound which is used with Working Example and 
Comparative Example is sort of Table 1 below. 

[0049] 

[Table 1] 
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No 



mm* 




h -7-x > -2,3,5,6-X 







H,1f 




[0050] 

mmmi 



t*V^P[2.2.2]^h-7-X>-2,3,5,6-^h7*;U7H 

i 4>0Mt£$) 1)0.5 ^ut, 

2,5(XI* 6)-trX(75/* : 7 L /U)t:v£Q[2.2.1]^ 



to.* * — • 



[0050] 

Working Example 1 

Synthesis of I. polyimide resin 

bicyclo [2.2 . 2] octo-7-en-2,3,5,6-tetracarboxylic acid 
dianhydride (compound 1 in Table 1 ) 0.5 mole and, 2 and 5 
(Or 6) -bis (aminomethyl ) bicyclo [2.2 .1] heptane 
(compound 4 in Table 1 ) it melted 0.5 mole , in the;ga 
-butyrolactone, condensation polymerization did with the 
condition of aforementioned (1), synthesized polyimide resin. 

You adjusted resin solution which it acquires resin 
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mmm& 30wt%icisgu /K'j-f5K»e»* 

0.30 T?fcofc„ 
[0051] 

ILU— If-ttlx&UVNi 

/ t JU*9IA 400mJ/cm\ / 1 JUZft 35, / <^<§ 
yfiUSK lpps T\ ±E I.t?»S>*ifc#'M5K 

JLvT^f&mit 0.35 (i m/p T-&of- 0 

"f-inxicjsivctt, 0 1 

[0052] 
H«5«(|2 

tfi/^P[2.2.2]^-^h-7-X>-2,3,5 ) 6-xh7*^7K 

>izi*i(S i ipaitfttt i)o.5 ^<t. 

2,5(Xli 6)-t*7.(T5y^5 1 ^)t*V^P[2.2.1]^ 
1 4> <Dit£Wl 4)0.44 ^E/U&tfvTS/ 

*°Uvo*t>->(S i «*>©fc£* 5 Tf*y. -fig 

aC3] + lC*JL»T 1 li 3s m I* 3. n I* 9 |Cffi£ 

lc#'M5KR*f«Lfc. 
[0053] 

n.b— tf-ftiiatflMi 

X-v^>yjiS(* 0.55 JU m/p -e.J»feJ$tt±< 

[0054] 
JttMHl 

iK'M §KR£LT. H£ 25 U m £> KAPTON 
;UA([«ft*]*U-f aJK>(«c)«l:* i *0Mb 

i tncftft-cu— y-tox^LfclS** 

>?>I®I* 0.16// m/p T'feofc. 
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2001-8-7 

concentration 30 wt% with the;ga -butyro lactone ,made 
polyimide resin solution composition. 

Next, polyimide film of thickness 20 ;mu m was produced 
with condition ofaforementioned (2). 

Furthermore intrinsic viscosity of polyimide resin which is 
acquired here was 0.30. 

[0051] 

II. laser machining and evaluation 

With pulse intensity 400 mJ/cm 2 % number of pulses 35 s 
pulse repetition velocity lpps, /K jp9 imide film which is 
acquired with theabove-mentioned I. was processed. 

etching velocity was 0.35;mu m/p. 

Regarding this laser machining, as shown in Figure 1, black 
slag was notcompletely seen. 

[0052] 

Working Example 2 

Synthesis of I. polyimide resin 

bicyclo [2.2 . 2] octo-7-en-2,3,5,6-tetracarboxylic acid 
dianhydride (compound 1 in Table 1 ) 0.5 mole and, 2 and 5 
(Or 6) -bis (aminomethyl ) bicyclo [2.2 . 1] heptane 
(compound 4 in Table 1 ) 0.44 mole and diamino 
polysiloxane (With compound 5 in Table 1, as for 1 3, as for. 
m 3,as for n it equals to 9 in in General Formula {3}. ) 0.06 
mole reacting in sameway as Working Example 1, 
furthermore it produced polyimide film. 

[0053] 

II. laser machining and evaluation 

evaluation of laser machining and polyimide resin was done 
in same way as the Working Example 1 . 

As for etching velocity with 0.55;mu m/p, as for black slag it 
was not seencompletely. 

[0054] 

Comparative Example 1 

As polyimide film, making use of kA PTONfilm (compound 
3 in [tradename ] Du Pont-Toray Co. Ltd. (DB 69-065-5105 ) 
Ltd. make:Table 1 and condensation polymer of compound 
7 ) of thickness 25 ;mu m, as the Working Example 1 as for 
result of doing laser machining with same condition, as for 
etching velocity they were 0. 1 6;mu m/p. 

As shown in also, Figure 1, considerable extent it could 
recognize thedeposit of black slag. 

[0055] 
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WMSmtLX. m 2 30 ju tn 
R^;uA([iS B D p€]^g|!RM(tt)iS:a 1 *<J)it 



[0056] 

it&0J3 

S^UA([j& p D B «]^Pjg(t*)S:S 1 *<Mt 
gftl* 0. 1 5 0 m/p T?*y . Hfej$<7)tt^l* J±& 

01 1 £BS«T?*ofc. 



[0057] 

&L±o>mvM i at* 2 titmm 1-3 ©f-« 

« 1 at; 2 <D*»M<D?K"J-f5K»l!Bllli.lk 
i~3 ©1«Bg7-f^Alctt«Lr, ivrtifc 



[0058] 

nag«ij 3-5 

»-**niijE« i (A)ai;s?7 r 5>iaE»(B)fl!)iB 
« 2 ic*-r 0 

[0059] 

n.u— *f-JiniatfPffli 
2 ics-r 0 

[0060] 

H«£0|J6 
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Comparative Example 2 

As polyimide film, making use of Ubilex Rfilm ([tradename ] 
Ube Industries Ltd. (DB 69-056-0008 ) make condensation 
polymer which uses compound 2 in theiTable 1 ) of thickness 
30 ;mu m, as forresult which laser machining is done, as for 
etching velocity they were 0.14;mu m/p with same condition 
as Working Example 1 . 

As shown in also, Figure 1 , it could recognize deposit of 
black slag quite. 

[0056] 

Comparative Example 3 

As polyimide film, making use of Ubilex Sfilm ([tradename ] 
Ube Industries Ltd. (DB 69-056-0008 ) make condensation 
polymer which uses compound 2 in the:Table 1 ) of thickness 
30 ;mu m, as forresult which laser machining is done, as for 
etching velocity with 0.15;mu m/p, as for deposit of black 
slag it was a Comparative Example 1 and a same extent with 
thesame condition as Working Example 1. 

[0057] 

When Working Example 1 and 2 above and data of 
Comparative Example 1-3 are compared, in orderto be clear 
in Table 2 below, as for polyimide resin film of this invention 
of the Working Example 1 and 2, by comparison with resin 
film of Comparative Example 1-3, in each case the etching 
velocity was large. 

As understood from also, Figure 1, with Working Example 1 
it was not for mostpart recognized with Comparative Example 
1-3 vis-a-vis black slag being clearlyobserved. 

[0058] 

Working Example 3-5 
Synthesis of I. polyimide resin 

acid dianhydride component (A ) and changing combination 
of diamine component (B ) and theratio, it synthesized each 
polyimide resin. 

synthesis condition is shown in Table 2. 
[0059] 

II. laser machining and evaluation 

evaluation of laser machining and polyimide resin was done 
in same way as the Working Example 1 . 

Result is shown in Table 2. 

[0060] 

Working Example 6 
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mmm \ . &&m 1 xxtium 2 ostpmsk 
mmiztiu /^ux^7b<-eti-etv 40,200 &u 

200 tf-flOI&feU:. 



1 ©#'M5K8JBI4» tfc*HW 1 &1/2 
0>*°M -<5 m miz Jt ^T*D I BSE *<v 



[0061] 
[S2] 



Vis-a-vis each polyimide resin of Working Example K 
Comparative Example 1 and Comparative Example 2, number 
of pulses respectively administered laser machining with 
40,200 and 200. 

cross section shape of this time is shown in Figure 2. 

As for polyimide resin of Working Example 1, processing 
cross section being sharp incomparison with polyimide resin 
of Comparative Examples 1 and 2, it is superior in resolution 
in microfabrication, it is clear . 

As for polyimide resin of also, Working Example 1 , number 
of pulses 1/5 is small in comparisonwith Comparative 
Examples 1 and 2, comparatively, etching depth of irradiation 
direction is large, youcan verify . 
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[Table 2] 
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[0062] 

[Effects of the Invention] 

As for polyimide resin of this invention, energy efficiency of 
laser light to be high, beefficient even with lighting of low 
energy, at same time laser machining be possible with high 
precision, furthermore black slag does not occur formost part 
in fabrication site periphery. 

[0063] 

polyimide resin of also, this invention is useful in coating 
material* liquid crystal alignment film or other electronics 
and optoelectronics field of the IC or other electronic material 
part. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 
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Drawings 
[H1] 



Concerning polyimide resin film of Working Example 1 and 
polyimide resin film of Comparative Example 1 to 
Comparative Example 3, the laser machining chart which 
shows deposition state of black slag of site whichis done. 

[Figure 2] 

polyimide resin film of Working Example 1 and sectional 
view 0 of laser machining part of polyimide resin film of 
Comparative Example 1 % Comparative Example 2 



[Figure 1] 
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[02] [Figure 2] 
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